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(m) Artificial tooth veneer restorations. 



i The present invention relates to a method of manufacturing artificial tooth veneer restorations for 
natural teeth composed of a ceramic core (B) by pressing and sintering ceramic powder. The core (B) is 
preferably manufactured from a high strength densely sintered ceramic material by copy milling from an 
impression of the prepared tooth surface (P) to a compacted body, a presintered body or a sintered 
body. Alternatively the core (B) is manufactured by compacting the ceramic powder against a body, 
which surface is copy miled from a modell of the prepared tooth surface (P). During the copy milling the 
sintering shrinkage is considered by enlargement of the copy milled compacted body, the presintered 
body or the sintered body corresponding to the sintering shrinkage. The tooth veneer restorations are 
given their final shape by shaping the external surface (Y) of the compacted, presintered or sintered 
ceramic body. After the final sintering the external surface (Y) can be shaped before a veneer material is 
attached to the external surface of the core (B) by firing of dental porcelain (A). Manufacturing ceramic 
teeth veneer restorations according to the method of this invention increases their strength and 
accuracy to shape. 
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This invention relates to methods of manufactur- 
ing accurately shaped artificial veneer restorations for 
natural teeth from a high strength ceramic material 
with powder technological methods. 

Veneer restorations can be fixed on natural teeth 
for e.g. esthetical reasons if the natural teeth are for 
some reason discoloured. Veneer restorations can be 
made by using conventional dental porcelain tech- 
nique on a model from the prepared tooth. The model 
material has no dimensional changes of importance at 
temperatures up to 1200°C. When the veneer restor- 
ation is ready, the model material is removed by sand 
blasting. 

The problem with the ceramic material now used 
(dental porcelain) in veneer restorations is their brit- 
tleness, which often gives early fracture. 

Fig 1 shows a cross section of a tooth with a 
veneer restoration. In this figure A= porcelain fired to 
the core, B=core made of a densely sintered ceramic, 
Y=extemal surface of the core, l=intemal surface of 
the core, P=the prepared surface of the tooth, Oce- 
ment, E=enamel, D=dentin and F=pulp. 

One object of the present invention is to provide 
artificial veneer restorations, which have higher 
strength and accuracy to shape. 

Another object is to make a veneer restoration by 
using densely sintered, high strength ceramic ma- 
terial, provided that the demand of high strength, 
accuracy to shape (that means compensate for the 
shrinkage during sintering) can be combined with the 
demand on the application of porcelain concerning fir- 
ing, adherence, biocompatibility and esthetics. 

According to the invention artificial veneer restor- 
ations now exist, in which the core is manufactured in 
a biocompatible material where the internal surface of 
the core has been given such shape as to fit to a prep- 
ared facial surface of a tooth. The material of the core 
must not give any discolourations or other unwanted 
effects to the dental porcelain, which usually is fired 
on the external surface of the core. The veneer res- 
torations are fixed to the prepared surface by cemen- 
tation. With the aid of gypsum models of the two jaws 
and with the manufactured core on the model of the 
preparation the dental technician can make the final 
design of the external surface (Y) of the veneer res- 
toration by grinding and polishing the core. In order to 
have a more natural surface of the veneer restoration 
a thin layer (>50 um) of dental porcelain can be fired 
on the external surface of the core (Y). The method of 
manufacturing a tooth veneer restoration for a prep- 
ared fecial surface of a natural tooth according to the 
invention increases the strength and accuracy for 
these restorations. 

Cores according to the invention can be made 
from a body of for instance dental porcelain, glass 
ceramic or apatite ceramic by copy milling an impres- 
sion from the prepared surface (P). This copy mBling 
gives the boundary surface of the veneer restoration 



(I) to the prepared surface (P). An impression is made 
of the prepared tooth or this tooth together with its 
adjacent teeth. The impression material adheres to 
the whole prepared surface and when the impression 

5 is removed from the teeth, this impression contains 
the surface (P), which will give the surface I and the 
contact points to the adjacent teeth. From the impres- 
sion the surface (I) is prepared in order to have this 
surface within reach for copy milling. The contacts 

10 with the adjacent teeth give the limitation of the veneer 
restoration in mesial-distal direction. The external 
contour outside the impression of the prepared sur- 
face (P) is prepared manually with conventional den- 
tal technical machining practice or by copy milling. An 

15 impression can be e.g. a Kerr impression, impression 
with a dental composite, or a silicon impression. 

Preferably the core according to the invention is 
made from a biocompatible densely sintered, high 
strength ceramic material. Porcelain is fired on the 

20 core obtained, so that the final product wDI be a tooth 
veneer restoration, which will fit to existing tooth pre- 
paration and esthetically and functionally to the actual 
whole set of teeth. 

As can be seen from fig. 1 artificial veneer restor- 

25 ations are made as a core in densely sintered ceramic 
(B) with a fired thin layer of dental porcelain (A). The 
veneer restoration is fixed to the prepared surface (P) 
by e.g. cementing. The thin layer of cement (C) con- 
nects the prepared tooth surface (P) with the internal 

30 surface of the core (I) which fits with high accuracy 
against the prepared surface (P). The layer of cement 
can have a thickness < 100um preferably 25-50 tun. 
The cementing of the veneer restorations can be 
made with e.g. some resin-based cement It can be an 

35 advantage to sOane treat the surfaces (I) of the veneer 
restoration which will be joined with the prepared sur- 
faces of the tooth structure (P). It can also be an 
advantage to etch the enamel parts (E) of the prep- 
ared surface (P). Etching medium can be e.g. phos- 

40 phoric acid. Dentin parts of the prepared surface can 
before cementing be treated with some dentin adhe- 
sive. 

The ceramic powder can be made by several for 
the man of the art well known methods. Conventional 

45 powder technology can be used, where the different 
components are mixed and mDled under dry or wet 
conditions with water or an inorganic solvent (e.g .al- 
cohols) as mating liquid. So called SOL-GEL tech- 
nique can also be used where different oxide 

so materials are deposited together from a water solution 
or are coprecipitatBd from metal alcoxkfes in e.g. 
water free alcohol by controlled addition of water. 
Combination of different techniques can also be used 
by using SOL-GEL technique to deposit a surface 

55 layer of desired metal oxide on a powder material. To 
the ceramic slurry lubricants or other organic binders 
are added, when needed at suitable time in the pro- 
cess. 
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According to the invention artificial tooth veneer 
restorations now exist characterized in that they are 
manufactured from a ready to press powder with addi- 
tions of lubricants and/or other organic binders. The 
powder is cold isostatically compacted, uniaxially 5 
pressed, slip cast, pressure cast, injection moulded or 
compacted in another way. The compacted body has 
such a dimension that it contains enough material for 
the copy milling of the outer shape of the core, which 
will fit to the prepared tooth surface. During this copy to 
milling the sintering shrinkage must be considered. 
Thus, the copy milled surface must be enlarged so 
that after the subsequent sintering process to high 
density, the core has with great accuracy desired final 
geometrical external shape which will fit to the prep- 15 
a red tooth surface (P). The body can also be presin- 
tered before the copy milling of the surface (I), fitting 
to the prepared surface (P). All the other surfaces are 
prepared near final shape before the final sintering, 
which means a thickness of the veneer restoration of 20 
< 1 mm. In some places where the prepared tooth has 
larger damage the veneer restoration can be thicker. 
It is important that the ceramic material is sintered to 
closed porosity, which for an oxide material means at 
least 98% of theoretical density, but in order to ensure 25 
high mechanical strength the material should prefer- 
ably have a density over 99%, while densities over 
99.5% give the best strength. In some cases it can be 
suitable to use a finally sintered body, in which case 
the sintering shrinkage need not to be considered dur- 30 
ing the copy milling. 

The core of the veneer restorations can also be 
made by cold isostatic pressing, uniaxial pressing, 
slip casting, pressure casting, injection moulding or 
compacting in another way against a body uniform 35 
with the prepared surface of the tooth (P) to which the 
veneer restoration will fit This body is made by copy 
milling and at the same time enlargement from a 
model in gypsum of the prepared tooth. The body can 
be made from e.g. metallic material, graphite, plastic 40 
material and shall have such a size that the internal 
surface (I) of the veneer restoration after the sintering 
shrinkage has the desired fitting against the prepared 
tooth surface (P). The copy mflled surface of the body 
will give the internal shape of the core (I). The external 45 
shape of the core (Y) is made by grinding and milling 
mostly before the sintering. After the sintering the 
external surface (Y) of the core (B) is adjusted by 
grinding so the veneer restoration fits to the prepared 
tooth and to the teeth in the two jaws. so 

The sintering takes place in vacuum or under hyd- 
rogen atmosphere, under normal atmospheric press- 
ure or under increased pressure in connection with 
hot isostatic compaction. Highly pure A^Oa b ecomes 
translucent during sintering to full density in vacuum 55 
or in hydrogen atmosphere, which is an advantage 
when natural teeth are to be imitated. Pure oxide ma- 
terial can be sintered in air, but some composites 



have to be sintered in inert or controlled atmosphere. 
The core is given an externa) shape so that the buil- 
ding-up of the dental porcelain is facilitated. The 
shape can also be such that it is roughly similar to 
natural teeth. After the final sintering the surfaces of 
the core may need some grinding, especially the 
external surfaces, which is made with the veneer res- 
toration on a model of the prepared tooth, tf dental 
porcelain is used the thermal expansion must be 
adapted to the material in the core. In the case of 
AI2O3 there will even be a "chemical" bond between 
AI2O3 and porcelain. This means that the external sur- 
face of the core does not need any retention ele- 
ments. The core can also be given such a shape and 
colour that the veneer restoration does not need any 
dental porcelain layer. The surfaces of the veneer res- 
toration which are a part of the external surface of the 
repaired tooth must in this case before the cementing 
be ground and polished to a surface roughness of 0.5- 
5nm preferably 0.5-1 um. 

The ceramic base material in the core preferably 
comprises one or more biocompatible oxides (includ- 
ing phosphates, silicates and sulphates), with addi- 
tives of carbides, silicides, nitrides or borides with or 
without binder metal. The base material can also com- 
prise nitrides, oxy nitrides, sulphides, oxysulphides or 
similar phases as well as ceramic substances con- 
taining halogens. Examples of biocompatible oxides, 
which can form base matrix for the ceramic body, are 
AI2O3, Ti0 2 , MgO, Zr0 2 , and Z1O2 with additives of up 
to 25 mole% preferably 10 mole% of Y 2 0 3 , MgO 
and/or CaO (partly or totally stabilized ZrOJ. In a pre- 
ferred embodiment the ceramic material comprises 
>50% preferably >85% of Al^s with additives of con- 
ventional sintering aids. In order to increase the 
strength < 25weight % preferably 3 -12 weight % of 
Zr0 2 can be added. 

In order to get a suitable colour of the core (B), 
coloured components can be chosen. Additives e.g 
0.1-10 weight % preferably 0.5-5 weight % of UN 
and/or ZrN will give AI2O3 based teeth veneer restor- 
ations a faint yellow shade. Of course no add&ives 
shall be used, which will give unesthetic effects. 



Claims 

1 . Method of manufacturing an artificial tooth veneer 
restoration comprising a core (B) with or wtthout 
porcelain (A) burnt to the veneer restoration by 
the use of powder technology characterized in 
that the internal surface (I) of the core (B) which 
will fit to a prepared tooth surface (P) is made 
by copy milling of a body, preferably a pressed, 
presintered or sintered body from an impression 
of the prepared tooth surface whereby in some 
cases the sintering shrinkage must be con- 
sidered. 
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or 

by compacting a ceramic powder against a sur- 
face of a body whereby the mentioned surface is 
manufactured by copy milling from a model of the 
prepared surface (P) and at the same time enlarg- 5 
ing the copy milled body in order to consider the 
sintering shrinkage. 

2. Method according to claim 1 characterized in 

that the core material is a high strength ceramic 10 
material with a relative density > 98%. 

3. Method according to claim 2 characterized in 
that the ceramic material in the core is based on 

one or more of the oxides AI2O3, TiO^ MgO, Z1O2 15 
or ZK>2 with up to 25 mole% of Y2O3, MgO and/or 
CaO. 
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